Toxins have been found in typhus and spotted fever rickettsiae (9, 19, 20) , but their biochemical effects in experimental animals are largely undescribed. No toxin has heretofore been described for Coxiella burneti, the rickettsial agent of Q fever, although heat-killed C. burneti (3, 7) and its trichloroacetic acid and phenol extracts are pyrogenic for guinea pigs (6) . This report describes several responses in guinea pigs to a lipopolysaccharide (LPS) obtained in the aqueous phase of a hot phenolwater extract from C. burneti (4) .
MATERIALS AND METHODS
Organism extract and animals. C. burneti (Nine Mile strain, phase I) was propagated in embryonated eggs and purified from infected yolk sacs (25) . A 10% suspension of purified rickettsiae was extracted with an equal volume of 90% phenol at 68 C, and the concentration of the LPS extract in the dialyzed aqueous phase was expressed in terms of glucose equivalents (4) . Hartley male guinea pigs were obtained from Hilltop Laboratory Animals, Inc., Scott-'dale, Pa., and weighed 250 to 300 g at the beginning of the experiments. Guinea pigs were injected intraperitoneally (i.p.) with graded doses of 40 to 180 gg of glucose equivalents of LPS suspended in 0.5 ml of 0.01 M phosphate-buffered 0.15 M NaCl (pH 7.4) . The suspension had been pasteurized by heating twice at 65 C for 20 min. Control animals received 0.5 ml of phosphate-buffered NaCl which contained a phenol extract from uninfected embryonated egg yolk sacs, prepared in a manner identical to the rickettsial extract. At 14 h postinjection (p.i.), food was withdrawn from all animals, but water was allowed ad libitum. Rectal temperatures and body weights were recorded at regular intervals.
At 24 h p.i., radioisotopes were injected i.p. Liver nucleic acids were labeled by i.p. injection of a 1-ml solution of acid (300 MCi, 0.5 gmol); 3 h p.i. the animals were killed by decapitation. Liver and plasma components were labeled by a 1.0-ml i.p. injection of a 0.05 mM solution of "C-labeled amino acids (7.14 MCi). The .6) with 10 strokes of a Potter-Elvehjem homogenizer. Individual guinea pig liver homogenates (0.33 ml) were pooled with others of the same set, providing a total of 0.99 ml of liver suspension. A 9-ml volume of 0.1 M NaCl in 0.5% sodium dodecyl sulfate and 0.05 M Tris-hydrochloride (pH 7.6) was added to the homogenate together with 10 ml of 88% phenol (wt/wt). The mixture was shaken at room temperature for 10 min and centrifuged at 3,000 x g for 10 min. The aqueous phase was re-extracted with an 9:39 equal volume of phenol. The aqueous phase was removed and mixed with 2.5 volumes of cold absolute ethanol, and the ribonucleic acid (RNA) was allowed to precipitate for 2.5 h at -20 C. The precipitated RNA was pelleted for 30 min at 10,000 x g and washed twice with 95% ethanol to remove traces of phenol. The pellet was incubated at room temperature for 30 min with 1 The plasma precipitate was mixed with 3 ml of ethanol-diethyl ether (3: 1) and extracted for 15 min at 37 C. The mixture was centrifuged and the supernatant was saved. The precipitate was washed with 1.0 ml of ethanol ether and the supernatants were combined as the lipid fraction. The residual precipitate was designated the protein fraction and was dissolved in 1.5 ml of 0.1 N NaOH.
The liver homogenate was treated similarly to separate the acid-soluble and lipid fractions. The residue was reacted with 2.0 ml of 0.3 N KOH at 37 C for 1 h to hydrolyze RNA. The sample was then neutralized with cold 1.2 N HClO4 and centrifuged. The supernatant contained hydrolyzed RNA and was discarded. The precipitate, designated the protein fraction, was washed with 0.2 N HClO4 and dissolved in 0.1 N NaOH for isotope counting.
Cortisol was measured spectrofluorometrically (8), deoxyribonucleic acid (DNA) was measured colorimetrically (26) , and plasma glucose was analyzed by the glucostat semi-micro method of the Worthington Biochemical Corp. Adenosine 3',5'-cyclic monophosphate (cAMP) was measured by protein binding competition (12) 24 h p.i., and the animals were sacrificed 3 h later. The total RNA per liver was variable. In two of four experiments there were statistically significant increases of 8 to 14% (P < 0.5) in treated animals; in two other experiments, the RNA levels were virtually unchanged. Although the total hepatic RNA increased but little, there were significant increases in the labeled RNA (Table 2) . With 80 and 120 Mg of LPS (Table 2 , experiment I), there were 45 and 58% increases, respectively, in the specific activity of the acid-insoluble RNA; with 120 and 180 Mg of LPS (Table 2 , experiment II), there were concomitant increases of 28 and 56% in the acid-insoluble RNA, and the acid-soluble counts increased by 7 and 31%.
Liver RNA was extracted with phenol and analyzed by polyacrylamide gel electrophoresis (25, 26) (Fig. 2) . The radioactivity and absorbance profiles of the gels show fourfold and twofold greater specific activities in the 28S and 18S ribosomal RNA (rRNA) from the experimental animal livers over those of the controls. The 4-5S RNA of both experimental and control groups had about the same specific activities, although in some experiments this species was greater in the experimental group.
Proteins and lipids. Guinea pigs were injected i.p. with 180 Mg of LPS, and 24 h later each animal received 1.0 ml of 0.05 mM 14C-labeled amino acid solution (7.14 MCi). After 2 h, the animals were sacrificed, the blood was collected, and the livers were excised rapidly. The liver and plasma were fractionated into protein, acid-soluble, and lipid fractions. In all cases of the LPS-treated animals (Table 3) , there were increases of 12 to 42% in the specific The fractionated plasma of experimental animals contained greater radioactivity in all three fractions (Table 4) : proteins, 105 to 246%; acid-soluble, 49 to 76%; and lipids, 30 to 75%. The specific radioactivities of the plasma proteins of the experimental animals were 91 to 168% greater than those of the controls. Polyacrylamide gel electrophoresis (18) of the plasmas revealed an increase in the experimental plasmas of two proteins with molecular weights of about 110,000 and 52,000. There also appeared a small heterogeneous peak in the 44,000 molecular weight region. These proteins represented but a small number of the total plasma proteins.
Cortisol. Cortisol was assayed in livers and plasmas of guinea pigs 27 h p.i. (Table 5 DISCUSSION When guinea pigs are infected with viable C. burneti, phase I, there is an early hyperthermic response which attains a maximum coincident with the peak of infection. The animal suffers body weight loss, and there is hepatic glycogen depletion together with the development of an enlarged, fatty, friable liver (21) . In early studies of Q fever, Burnet and Freeman (7) believed that the pyrexia is "comparable to the effect produced by bacterial 'endotoxins', and is related to the amount of rickettsial substance introduced, irrespective of whether it is capable of producing infection or not." Anacker et al. (3) obtained skin lesions in guinea pigs with injections of either killed C. burneti, boiled cell wall preparations of the rickettsiae, or a trichloroacetic acid extract of the rickettsiae, but these workers did not believe that the observed effects were due to a true endotoxin. Brezina et al. (6) showed that a trichloroacetic acid extract of C. burneti and a phenolic extract of the trichloroacetic acid preparation were pyrogenic for guinea pigs. If the trichloroacetic acid extract was first reacted with rabbit hyperimmune serum (prepared against phase I C. burneti), the pyrexial response was not elicited. In this report, we show that phenolic extract of phase I C. burneti not only elicits pyrexia and weight loss in guinea pigs, but also produces other biochemical changes in guinea pigs during active infection with C. burneti (21, 24, 26) . The enlarged fatty liver with increased lipid content (Table 1) is comparable to the situation during Q fever (21; R. Bernier, T. Haney, and D. Paretsky, Acta Virol., in press).
During Q fever in guinea pigs, there is an increase of liver protein and RNA within 24 h, with a simultaneous increased incorporation of orotate into 28S, 18S, and 4S RNA and of amino acids into protein (24, 26) . These changes have been correlated with increases in liver ribosomes, pH 5 enzyme activity, and cortisol (26) . In this report, although there was an increased total hepatic RNA in only two of four sets of experiments, in all cases of LPS treatment there was enhanced incorporation of orotate into liver RNA (Table 2) into the 18S and 28S species (Fig. 2) . Incorporation of amino acids into liver and plasma protein also increased ( Table 3 ), so that the RNA and protein pictures resulting from LPS treatment were similar to those during Q fever. The increased incorporation of [3H]orotate into RNA might be due in part to increased radioactivity in the acid-soluble pool,
for [3 H ]orotate is mobilized more rapidly from the peritoneal cavity to hepatocytes in response to cortisone (29) . LPS injection resulted in an elevation of cortisol levels in plasma and liver (Table 5) , consistent with such increases found during Q fever (24, 26) . The increased cortisol levels resulting from C. burneti LPS treatment (Table 5 ) may stimulate a more rapid accumulation of labeled precursor in the liver cells, increasing the radioactive precursors for processing into RNA. Greater labeling of the RNA could occur if there were a higher RNA turnover rate during toxemia or a greater availability of orotate from the precursor pool, even if RNA polymerase activity itself were unchanged. However, these possibilities seem obviated by work in our laboratories that shows that during Q fever there is actually increased RNA polymerase activity in nuclei isolated from infected animal liver and L cells (R. Welsh, J. Stueckemann, and D. Paretsky, unpublished results). Glucocorticoids are known to stimulate the rate of transfer RNA synthesis in rats (1, 2, 15) and of rRNA synthesis (10, 15) , and there is greater nucleolar DNA-dependent RNA polymerase activity in rats after cortisone treatment (30) . In light of these reports, it appears that glucocorticoids may participate in the induction or activation of nucleolar DNA-dependent RNA polymerase and may function similarly in presently reported LPS-treated livers. As in Q fever, the mechanism of induction of cortisol increase in response to LPS is not as yet understood. The fatty liver found in guinea pigs during Q fever may be analogous to the development of a fatty liver in rats in response to exogenous cortisone (13) . There seems to be a relationship between the increased cortisol levels during Q fever and after LPS injection and the fatty livers pro-943 VOL. 9, 1974 on August 15, 2017 by guest http://iai.asm.org/ Downloaded from duced in both events, but other factors cannot be ruled out.
In the present work, we found that DNA levels in experimental and control livers were similar; this is in agreement with the results obtained during Q fever infection (26) and is indicative of non-proliferation of liver cells during the course of LPS treatment. Increased labeling was also found in the protein (acidinsoluble) fractions and acid-soluble fractions of liver and plasma (Tables 3 and 4) . The acidsoluble fractions include not only amino acids and smaller peptides, but deaminated products as well. Because of the complexity of molecular species in the acid-soluble fraction, several explanations may be offered for increased radioactivity in these fractions. The increased protein labeling after LPS treatment is suggestive of concomitant mobilization of amino acids from available pools into the hepatocyte ribosomes, pH 5 enzyme activity, and increased incorporation of labeled amino acids as is found during Q fever (26) . A somewhat analogous situation occurs during pneumococcus infection in rats when an increased flux of amino acids into hepatocytes occurs (27) . In the current studies, it is possible that the inductive effects of elevated cortisol levels are implicated in the increased specific radioactivity of the liver and plasma proteins. The changes in the polyacrylamide gel patterns of the plasma proteins after LPS treatment may be accounted for by the production in the liver of new plasma proteins or by a modification of existing ones, for within 24 h after guinea pigs are infected with C. burneti there is also an increase in both liver and plasma protein (26) . Although in our work such increases were not observed, prolonged treatment with, or higher doses of, LPS might produce such increases.
The lipid fractions of both the liver and plasma also have higher specific radioactivities after LPS treatment and labeling with radioactive amino acids. The labeling of lipids is likely due to the presence in the radioactive amino acid mixture of several glycogenic amino acids that are converted into lipid precursors, which are eventually incorporated into lipids.
The responses of the guinea pig to infection with C. burneti and to the LPS extract are in many ways similar. There is hyperthermia, liver enlargement accompanied by lipid infiltration, increased levels of liver and plasma cortisol, increased precursor incorporation into RNA and protein, and early depletion of liver glycogen. cAMP levels increased in the liver after guinea pigs were injected with LPS. cAMP is known to inactivate liver glycogen synthetase, increase liver glycogenolysis, increase synthesis of liver protein, and increase lipolysis from adipose tissue (22) ; all of these events occur both during Q fever (21; Bernier et al., Acta Virol., in press) and LPS treatment. Many of these responses to the LPS have been described for bacterial endotoxins: pyrexia, leukocytosis, and release of adrenocortical hormones (28) ; stimulated synthesis of liver protein and RNA, inhibition of gluconeogenesis, and liver glycogen depletion (5); and fatty liver (14) . The depressed oxidative phosphorylation in liver mitochondria of endotoxin-poisoned rats (5) has also been reported in chicken embryo liver infected with C. burneti (17) . Despite the several similarities among the effects of C. burneti LPS extract, and the described characteristics of bacterial endotoxemias, there is as yet no definitive identification of the presently described LPS as a typical bacterial endotoxin.
This report suggests that many of the biochemical changes observed in the guinea pig during Q fever may be due to the release in the host of a toxic LPS complex from the cell envelope of C. burneti.
